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Abstract
We study glueball G production in gluonic penguin decay B → XsG, using next-to-leading
order b → sg∗ gluonic penguin interaction and an effective coupling of a glueball to two gluons.
The effective coupling allows us to study the decay rate of a glueball to two pseudoscalars in the
framework of chiral perturbation theory. Identifying the f0(1710) to be a scalar glueball, we then
determine the effective coupling strength with the branching ratio of f0(1710) → KK. We find
that the charm penguin to be important and obtain a sizable branching ratio for Br(B → XsG) in
the range of (0.7 ∼ 1.7) × 10−4. Rare hadronic B decay data from BABAR and Belle can provide
important information about glueballs.
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The existence of glueballs is a natural prediction of QCD. However, glueball state has
not been confirmed experimentally. The prediction for the glueball masses is a difficult task.
Theoretical calculations indicate that the lowest lying glueball state is a scalar with a mass
in the range of 1.6 to 2 GeV. Recent quenched lattice calculations give a glueball mass mG
equals 1710 ± 50 ± 80 MeV [1]. These results support that the scalar meson f0(1710) to
be a glueball. Phenomenologically, f0(1710) could be an impure glueball since it can be
contaminated by possible mixings with the quark-antiquark states that have total isospin
zero [2, 3, 4, 5, 6, 7, 8]. These mixing effects can be either small [4, 5, 6, 7] or large [2, 3, 4, 8],
depend largely on the mixing schemes one chose to do the fits and complicate the analysis.
For simplicity, we will ignore these mixing effects and assume f0(1710) is indeed a glueball
throughout this work.
Since the leading Fock space of a glueball G is made up of two gluons, production of
glueball is therefore most efficient at a gluonic rich environment like J/ψ or Υ→ (gg)γ → Gγ
[9, 10]. Direct glueball production is also possible at the e+e− [11] and hadron [12] colliders.
In this work, we point out another interesting mechanism to detect a glueball via the rare
inclusive process B → XsG decay. The leading contribution for this process is shown in Fig.
[1], where the squared vertex refers to the gluonic penguin interaction and the round vertex
stands for an effective coupling between a glueball and the gluons. The gluonic penguin
b → sg∗ has been studied extensively in the literature and was used in the context for
inclusive decay b → sgη′ [13]. The effective interaction for b → sg∗ with next-to-leading
QCD correction can be written as [14]
Γµa = −GF√
2
gs
4π2
V ∗tsVtbs¯(p
′) [∆F1(q
2γµ − qµ 6q)L− imbF2σµνqνR]T a b(p), (1)
where ∆F1 = 4π(C4(q, µ)+C6(q, µ))/αs(µ) and F2 = −2C8(µ) with Ci(q, µ) (i = 4, 6, and 8)
the Wilson’s coefficients of the corresponding operators in the ∆B = 1 effective weak Hamil-
tonian, q = p − p′ = k + k′, and T a is the generator for the color group. We will use the
next-to-leading order numerical values of ∆F1 and F2 [14]. The top quark contribution gives
∆F top1 = −4.86 and F top2 = +0.288 at µ = 5 GeV; whereas the charm quark contribution
involves a q2 dependence through Ccharm4 (q, µ) = C
charm
6 (q, µ) = P
charm
s (q, µ) with
P charms (q, µ) =
αs(µ)
8π
C2(µ)
(
10
9
+Q(q,mc, µ)
)
, (2)
and
Q(q,m, µ) = 4
∫ 1
0
dx x (1− x) ln
[
m2 − x(1− x)q2
µ2
]
=
2 [3q2 ln(m2/µ2)− 12m2 − 5q2]
9q2
+
4(2m2 + q2)
√
4m2 − q2
3 3
√
q2
arctan
√
q2
4m2 − q2 .
(3)
Here mc = 1.4 GeV is the charm quark mass and C2(µ = 5GeV) = 1.150.
The following effective coupling between a scalar glueball and two gluons was advocated
recently by Chanowitz [15]
L = fGGaµνGaµν , (4)
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where G is the interpolating field for the glueball G, Gaµν is the gluon field strength, and
f is an unknown coupling constant. This form of effective coupling suggests that glueball
couples to the QCD trace anomaly.
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FIG. 1: The leading diagram for B → XsG.
The interaction of a scalar glueball with light hadrons through the trace anomaly can be
formulated systematically by using techniques of chiral Lagrangian, as was briefly mentioned
in [16]. The kinetic energy and the symmetry breaking mass terms for the light pseudoscalar
mesons are given by [17]
Lχ = f
2
pi
8
[Tr(∂µΣ∂µΣ
†) + Tr(ξ†χξ† + ξχξ)], (5)
where fpi = 132 MeV being the pion decay constant, ξ
2 = Σ = exp(2iΠ/fpi) with Π the
SU(3) pseudoscalar octet meson,
Π =


1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− K
0 − 2√
6
η

 , (6)
and
χ = 2B0 diag(mˆ, mˆ,ms) = diag(m
2
pi, m
2
pi, 2m
2
K −m2pi) (7)
with B0 = 2031 MeV. Here we have neglected the isospin breaking effects due to small
mass difference between the light u and d quarks and used mˆ = mu = md. The QCD trace
anomaly is well known and given by [17]
Θµµ = −
bαs
8π
GaµνG
aµν +
∑
q
mq q¯q , (8)
where b = 11− 2nf/3 is the QCD one-loop beta function with nf = 3 being the number of
light quarks. Treating the effective interaction (4) as a perturbation to the energy momentum
stress tensor, one would then modify Θµµ to be
− bαs
8π
GaµνG
aµν
(
1 + f
8π
bαs
G
)
+
∑
q
(mq + fqG) q¯q , (9)
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where fq = fαsmq(16π
√
2/3β) ln [(1 + β)/(1− β)] being the one-loop induced Gqq¯ coupling
[15] with β = (1− 4m2q/m2G)1/2. Note that fq is proportional to f . The corresponding chiral
Lagrangian is thus modified accordingly
Lχ = 1
8
f 2pi
(
1 + f
8π
bαs
G
)
Tr
[
∂µΣ∂µΣ
†]
+
1
8
f 2pi Tr
[
ξ†(χ+ 2B0fχG)ξ† + ξ(χ+ 2B0fχG)ξ
]
, (10)
where fχ = diag(fu, fd, fs). Using the above chiral Lagrangian, one can then calculate the de-
cay rates forG→ π+π−, π0π0, K+K−, K0K0, η0η0, and π0η0. Since f0(1710) is interpreted as
the glueball, one can use the experimental branching ratio Br(f0(1710)→ KK) = 0.38+0.09−0.19
and its total width 137 ± 8 MeV [18] to be our input. Together with the decay rate for-
mulas derived from the chiral Lagrangian (10) and a value of the strong coupling constant
αs = 0.35 extracted from the experimental data of τ decay, one can estimate the unknown
coupling f = 0.07+0.009−0.018 GeV
−1.
In our estimation of f given above, we have extrapolated low energy theorems to the
glueball mass scale. One might overestimate the hadronic matrix elements in due course.
This implies that the extracted value of f would be too small.
Decay G→ KK has also been obtained using perturbative QCD calculations [16]. This
approach can also give some estimate of the amplitude. The problem facing this approach is
that the energy scale may not be high enough to have the perturbative QCD contribution to
dominate. Using the asymptotic light-cone wave functions, we find that for a given branching
ratio for G → KK decay, the resulting f would be about 20 times larger than the value
obtained above using the chiral approach. Incidentally, the value of f derived from the chiral
Lagrangian is within a factor of 2 compared with the value estimated just by using the free
quark decay rate of G→ ss¯ [12]. In our later calculations, we will use the conservative value
f = 0.07+0.009−0.018 GeV
−1 determined using the chiral Lagrangian given in Eq.(10). This will
give the most conservative estimate for the branching ratio since the chiral approach gives
the smallest f .
With the two effective couplings given in Eqs.(1) and (4), the following decay rate for
b→ sgG (Fig.(1)) can be obtained readily
Γb→sgG =
(
N2c − 1
4Nc
)
G2Fm
5
b |V ∗tsVtb|2
25π3
( gs
4π2
)2
(mbf)
2
×
∫ (1−√x′)2
0
dx
∫ y+
y−
dy
{
|∆F1|2c0 +Re(∆F1F ∗2 )
c1
y
+ |F2|2 c2
y2
}
, (11)
with
y± =
1
2
[
(1− x+ x′)±
√
(1− x+ x′)2 − 4x′
]
. (12)
In Eq.(11), Nc is the number of color and c0,1,2 are given by
c0 =
1
2
[−2x2y + (1− y)(y − x′)(2x+ y − x′)] ,
c1 = (1− y)(y − x′)2 ,
c2 =
1
2
[2x2y2 − (1− y)(y − x′)(2xy − y + x′)] , (13)
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with x = (p′ + k)2/m2b , y = (k + k
′)2/m2b , and x
′ = m2G/m
2
b .
Using the value of f determined above from the chiral Lagrangian, we find the branch-
ing ratio for b → sgG to be 4.5 × 10−5(f · GeV/0.07)2 with just the leading top pen-
guin contribution to ∆F1 is taken into account. The correction from the charm pen-
guin is nevertheless substantial and should not be neglected. Inclusion of both top and
charm penguins gives rise to an enhancement about a factor of 3 in the branching ratio
Br(b → sgG) ≈ 1.3 × 10−4(f · GeV/0.07)2. Since f0(1710) has a large branching ratio into
KK, the signal of scalar glueball can be identified by looking at the secondary KK invari-
ant mass. The recoil mass spectrum of Xs can also be used to extract information. The
distribution of dBr(b → sgG)/dMXs as a function of the recoil mass of Xs is plotted in
Fig.(2).
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FIG. 2: dBr(B → XsG)/dMXs in unit of 10−5. In the figure the b quark mass mb is taken to be
4.248 GeV, αs = 0.21 at the b quark scale, τB = 1.674 × 10−12 s, and f = 0.07 GeV−1.
Analogously one can also study inclusive B decays into a pseudoscalar glueball G˜, whose
leading effective coupling to the gluon can be parameterized as [19],
L = f˜ G˜G˜aµνGaµν with G˜aµν =
1
2
ǫµναβG
aαβ , (14)
and G˜ denoting the interpolating field for the pseudoscalar glueball. The decay rate for
this case can be deduced from the scalar glueball one by replacing the coupling f with f˜
and the mass mG with the pseudoscalar glueball mass mG˜ in Eq.(11). This also reproduces
previous result obtained in Ref.[13] for a similar process b → sgη′. We therefore expect
similar distribution and branching ratio for the pseudoscalar glueball production from the
B decay as in the scalar case that we have studied in this work.
Recently, BES has observed an enhanced decay in J/ψ → γη′ππ with a peak around the
invariant mass of η′ππ at 1835 MeV [20]. Proposal has been made to interpret this state
X(1835) to be due to a pseudoscalar glueball [21]. Taking X(1835) to be a pseudoscalar
glueball, we would obtain a branching ratio of 3.7 × 10−5(f˜ · GeV/0.07)2 with top penguin
contribution only, and is enhanced to 1.1 × 10−4(f˜ · GeV/0.07)2 if charm penguin is also
included. If the coupling f˜ is of the same order of magnitude as f , the branching ratio for
B → XsG˜ is also sizable. Pseudoscalar glueball may also be discovered in rare B decays.
5
Since a pseudoscalar glueball cannot decay into two pseudoscalar mesons, the identification
of a pseudoscalar glueball necessitates the study of the three-body system η′ππ. This makes
the analysis more difficult compared with the case of a scalar glueball.
To conclude, we have studied inclusive production of a scalar glueball in rare B decay
through the gluonic penguin and an effective glueball-gluon interaction. The branching
ratio is found to be of the order 10−4. B decays into a pseudoscalar glueball through gluonic
penguin is also expected to be sizable. Note that we have used a conservative estimate of
f . Observation of B → Xsf0(1710) at a branching ratio of order 10−4 or larger will provide
an strong indication that f0(1710) is mainly a scalar glueball. With more than 600 millions
of BB accumulated at Belle and more than 300 millions at BABAR, test of Br(b → sgG) at
the level of 10−4 is quite feasible. We strongly urge our experimental colleagues to carry out
such an analysis.
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